DHCR24-knockout embryonic fibroblasts are susceptible to serum withdrawal-induced apoptosis because of dysfunction of caveolae and insulin-Akt-Bad signaling.
The DHCR24 gene encodes an enzyme catalyzing the last step of cholesterol biosynthesis, the conversion of desmosterol to cholesterol. To elucidate the physiological significance of cholesterol biosynthesis in mammalian cells, we investigated proliferation of mouse embryonic fibroblasts (MEFs) prepared from DHCR24(-/-) mice. Both DHCR24(-/-) and wild-type MEFs proliferated in the presence of serum in culture media. However, the inhibition of external cholesterol supply by serum withdrawal induced apoptosis of DHCR24(-/-) MEFs, which was associated with a marked decrease in the intracellular and plasma membrane cholesterol levels, Akt inactivation, and Bad dephosphorylation. Insulin is an antiapoptotic factor capable of stimulating the Akt-Bad cascade, and its receptor (IR) is enriched in caveolae, cholesterol-rich microdomains of plasma membrane. We thus analyzed the association of IR and caveolae in the cholesterol-depleted MEFs. Subcellular fractionation and immunocytochemical analyses revealed that the IR and caveolin-1 contents were markedly reduced in the caveolae fraction of the MEFs, suggesting the disruption of caveolae, and that large amounts of IR were present apart from caveolin-1 on plasma membrane, indicating the uncoupling of IR with caveolae. Consistent with these findings, insulin-dependent phosphorylations of insulin receptor substrate-1, Akt, and Bad were impaired in the cholesterol-depleted MEFs. However, this impairment was partial because treatment of the MEFs with insulin restored Akt activation and prevented apoptosis. Cholesterol supply also prevented apoptosis. These results demonstrate that the cellular cholesterol biosynthesis is critical for the activation and maintenance of the Akt-Bad cell survival cascade in response to growth factors such as insulin.